To investigate the possible effect of insulin resistance (IR) on male reproductive system via evaluation of semen analysis, male sex hormones and serum lipid profiles, and testicular volumes. Methods: After the exclusions, a total of 80 male patients were enrolled in this prospective study. Body Mass Index (BMI), Testicular volume, semen samples, serum hormone/lipid profiles, high sensitive C-Reactive Protein (hsCRP) were obtained from all the subjects. Results: The patients were divided into two groups as study and control according to the presence of IR. There were no statistical differences in terms of age, marriage period, testicular volume, serum levels of hormone and lipid profiles and BMI between the groups. There were no relationship between homeostasis model assessment of insulin resistance (HOMA-IR) and semen volume (r = -0.10, p = 0.37), total sperm count (r = -0.09, p = 0.39), motility (r = -0.15, p = 0.16) and morphology (r = -0.14, p = 0.19). However, HOMA-IR was closely associated with hsCRP levels (r = 0.94, p < 0.0001). Conclusions: Despite of the documented strong inverse relationships between Diabetes Mellitus (DM) and male/female fertility, and also between IR and female infertility via ovarian functions as in polycystic ovary syndrome, to our knowledge, there is no report about any influence of IR on male fertility. DM and metabolic syndrome (MetS) have negative influence on fertility. Thus, IR may be accused of causing detrimental effect on male infertility due to hyperinsulinemic state and being one of the components for MetS. Interestingly, due to our preliminary results, we do not found any inverse correlation between IR and male reproductive functions.
INTRODUCTION
The impaired glucose metabolism as in Diabetes mellitus (DM) is widely accepted as a negative effecting factor on human fertility in either gender (1, 2) . However this
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detrimental effect of DM on male infertility has long been regarded as a controversial topic due to the fact that the literature knowledge mostly depended on the conventional semen analysis which is not a well predictor of male fertility (3, 4) . Nevertheless, it was reported that DM can inversely effect male fertility via sperm functions at molecular level especially on its nuclear and mitochondrial DNA and also its repairing systems (3) . Moreover, DM is responsible for a kind of histological damage of the epididymis that resulted in a negative impact on sperm transit and also promotes inflammatory process in sexual male accessory glands (5) . According the relatively new issue of the endless story of glucose metabolism, insulin resistance (IR), is defined as elevated serum insulin levels due to the end of organ resistance at molecular level with reduced glucose uptake (6) . IR and hyperinsulinemia play a major role in the pathogenesis of type 2 diabetes (DM2). IR is claimed of inverse effect on female health such as infertility via ovarian functions as in polycystic ovary syndrome (PCOS), increased risk pregnancy and elevated lifetime risk of developing Type 2 diabetes (7). IR should be taken into account in the definition of metabolic syndrome (MetS) which represents a group of abnormalities, including overweight, dyslipidemia, hypertension, endothelial dysfunction, systemic inflammation and impaired glucose metabolism that reflects our modern's world sedentary lifestyle accompanying with over nutrition and thus became one of the major public health challenges worldwide (8, 9) . To our interest, the harm of MetS on male infertility is mostly attributed to the various problems related with overweight such as high scrotal temperature, variations of serum testosterone levels or dyslipidemia other than IR component of MetS (9) . Despite of the documented well known aforementioned strong inverse relationships between DM and male/female fertility, and also IR and female fertility, to our knowledge, there is no report about any influence of IR on male fertility. Thus, in this preliminary study we investigate the possible effect of IR on male reproductive system via evaluation of semen analysis, male sex hormones and serum lipid profiles, and testicular volumes.
MATERIALS AND METHODS
A total of 80 male patients who attended outpatient infertility clinic of Urology Department of our University Hospital between January 2009 and June 2012 were enrolled in this prospective study. This study was approved by University's Institutional Review Board and all the participants signed the informed consent before the onset of study. A detailed medical history and Body Mass Index (BMI) were obtained from all participants. The patients over 40 years, with known erectile dysfunction, chronic/hereditary disease (including prostatitis, hypertension, dyslipidemia needing medical care), malignancy, and smokers, alcohol drinkers, drug abusers, azoospermics and patients who had varicocele were excluded. Systemic and genital examination was performed for all subjects. Testicular volume was measured by ultrasound and calculated as the formula of 0.71 x length x width x thickness. The patients were divided into two groups as study and control according to the presence of IR or not respectively. The blood samples were undertaken at 9:00 and 11:00 a.m. after an overnight fast (at least 12 hours) and centrifuged within 2 h after withdrawal and assessed on the same day. IR was determined by the homeostasis model assessment of insulin resistance (HOMA-IR) via the formula: fasting bloo sugar (mg/dL) × fasting insulin (μIU/mL)/405. A HOMA value above 4 was accepted for indication of IR. Insulin was determined by electrochemiluminescent immunoassay (Siemens Immu lite 2000, Los Angeles, USA). Gonado tro pins, testosterone and high sensitive C-Reactive Protein (hsCRP) levels were also obtained for all subjects. Two semen samples were evaluated in two weeks intervals. Semen samples collected by masturbation in a clean specimen container after a sexual abstinence for 2 5 days were allowed to liquefy at 37º C and evaluated immediately according to WHO recommendations including ejaculate volume, pH, time to liquefaction, sperm concentration, motility and morphology. Sperm concentration was expressed as 106 per millilitre of semen, whereas motility and morphology were expressed as percentage.
Statistical analysis
Baseline characteristics of the groups were presented as the mean ± SD. Variables with a skewed distribution were log transformed for all analyses. Demographic, laboratory and semen parameters between the study and control groups were assessed by Student's t test. Correlations between HOMA-IR, semen parameters and hsCRP, were assessed by Pearson correlation analysis. P < 0.05 was considered as statistically significant.
RESULTS
The results of 80 male subjects were evaluated. Of those, 40 were diagnosed with IR due to HOMA-IR and considered as study group and remaining 40 formed the control group. The data collection was stopped when each group reached to 40. Median age of the patients with or without IR were 31.2 ± 5.0 (range 18-40) and 29.6 ± 5.0 (range 18-39) respectively. There were no statistical differences in terms of age, marriage period, testicular volume and BMI between the groups (Table 1) . Semen and serologic characteristics (hormone and lipid profiles, glucose/insulin, HsCRP levels and HOMA-IR) of the groups were also summarized in Table 2 .
Subjects with IR
Subjects without IR p (n = 40) (n = 40) Age, Body mass index (BMI) and testicular volume of patients who presented to infertility center with/without insulin resistance. Table 2 .
Laboratory and semen characteristics of patients who presented to infertility center with/without insulin resistance.
There were no relationship between HOMA-IR and semen volume (r = -0.10, p = 0.37), total sperm count (r = -0.09, p = 0.39), motility (r = -0.15, p = 0 .16) and morphology (r = -0.14, p = 0.19). However, HOMA-IR was closely associated with hsCRP levels (r = 0.94, p < 0.0001).
DISCUSSION
Although IR with related hyperinsulinemia classically is defined as a decreased sensitivity to the metabolic actions of insulin such as insulin-mediated glucose disposal, it should be considered that insulin itself also has vascular actions under healthy conditions and this issue is a focus of investigation (10) . IR, solely itself, was accused of taking part somehow in the etiology of some urologic disease such as urolithiasis and erectile dysfunction, by similar mechanism as in DM via impairing endothelial functions depending on experimental studies (9) (10) (11) (12) . The suspicion of this detrimental clinical association extends to Benign Prostate Hyperplasia/Lower Urinary Tract Symptoms (BPH/LUTS), female incontinence, male infertility and hypogonadism, and even to prostate cancer, besides the risk for some common cancer such as breast, colorectal, liver, and pancreas, if IR is evaluated together with the topic of MetS (8, 13) . Furthermore, in the light of current literature, there are strong evidences about that DM has negative effect on male reproductive functions in various ways as endocrine control of spermatogenesis, spermatogenesis itself or impairing penile erection and ejaculation (1, 3) . Ali et al. reported sperm dysfunction through sperm motility defect in patients with noninsulin depended DM even in conventional spermiograms (14) (the evaluation just with conventional spermiograms may also be the limitation of the present study) but some other authors did not found any motility defect in DM without complications (15) . Nevertheless, despite of the ongoing discussion about the mechanism, it is a fact that subfertility was reported in more than half of the diabetic patients (5). However, the independent negative influence of IR on human fertility was confirmed only for female infertility especially in the case of PCOS a condition that is characterized by hyperandrogenism, chronic oligo-or anovulation and polycystic ovaries. IR accompanies this clinical status with a high rate (50-70%) and is thought to have a central pathogenic role in PCOS (16, 17) . This relation between IR and ovarian dysfunction induced us to study the possible correlation between IR and male testicular functions through the evaluation of male sex hormones, testicular volumes and spermiograms. IR leads compensatory hyperinsulinemia that is considered to be a promoter of the hyperandrogenism and chronic oligo-or anovulation in female with PCOS (16). In our study, gonadotropins and testosterone levels were the same as in subjects with IR or not. However, depending on the experimental and clinical studies, it is a clinical fact that DM decrease serum testosterone and increase gonadotropins (3) . As opposite to our results, in a preliminary study of small groups of normal, IR and DM subjects (n = 9, 9 and 3 respectively), Pitteloud et al. noted that increase of IR leads to a decrease in Leydig cell testosterone according to their insulin sensitivity on glucose tolerance tests (18) .
In the present study there was no significant difference between mean testicular volumes (around 20 cc for both study and control group) that can also be considered as one of the predictors of fertility. Bahk et al. concluded that the testicular volume cut off value for fertility is 18 cc (19) and testicular atrophy is a well known clinical situation in DM (20) . The proinflammatory cytokine tumor necrosis factor-a (TNFα), that is a known mediator of IR, is elevated either in obese or nonobese PCOS patients. This unstable glucose metabolism leading to oxidative stress and proinflammatory status was claimed as the cause of hyperandrogenism and infertility (16) . According to the present results, this explanation seemed not adaptable for subfertiles male with IR because gonadotropins and testosterone, and spermiograms were the similar in both groups, although hsCRP, as a low-grade chronic inflammatory marker, seemed significantly higher in our subjects with IR. HsCRP is found to be elevated in PCOS patients with or without metabolic syndrome (21) and, in addition, IR is a factor that elevates HsCRP (22) . Thus, we think that the reason of this elevation should be attributed to the IR rather than male infertility. Moreover, insulin, Insulin like Growth Factor 1 (IGF-1) and Growth Hormone (GH) are supposed to be part of the complex coordination function of nutrient balance and metabolic stress. Hyperinsulinemia elevates serum concentrations of free IGF-1 that can provide important trophic (anti-apoptotic) effects, leading to changes in cellular metabolism (23) . Either oophorectomy or orchiectomy resulted in elevated IGF-1 levels and this suggests that IGF-1 may have some role in the infertility process (24) (25) (26) . Nevertheless, further studies especially at sperm molecular level are needed to accurately confirm our preliminary results about the relation between IR and male reproductive system. We think that our results were also independent from the effect of obesity, because BMI values of our study and control groups were similar (considered as slightly overweight for both). According to the limited number of studies, interestingly, it was supposed a loose inverse relation between male subfertility and obesity and that it occurred mostly via sperm quality and especially to the decreasing normal motility of spermatozoa (8) . Furthermore, dyslipidemia, as another component of MetS which was not present in our subjects, was accused of causing negative effect on sperm/testicular functions in both animal and human studies (27) (28) (29) . However our results are far away from demonstrating the inverse relationship between MetS and male fertility with MetS components other than IR.
CONCLUSIONS
There is no doubt in the literature that DM and MetS have a "bad fame" on human fertility. In connection to this statement, IR automatically may be accused of causing detrimental effect on male fertility as a component of MetS due to hyperinsulinemic state and impaired glucose uptake as in DM2. Thus in this study, we aimed to document the possible isolate effect of IR on male reproductive system via sperm functions, serum hormone and lipid profiles and testicular volumes. Interestingly, according to our preliminary results, we do not find any inverse correlation between IR and male reproductive system. However, to reach a conclusion on this topic, further studies at molecular level and/or long term clinical studies of male fertility based on birth rates are needed.
